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Abstract 
This paper deals with an analysis of triangular tensegrity prisms’ pairs under the influence of an external loading. A 
triangular tensegrity prisms’ pair is made by mirroring the basic triangular tensegrity prism by the plane passing through its 
upper nodes. A pair created in this way, forms another basic component from which there might be created bigger units, e.g. 
tensegrity slabs. An important aim of this paper is finding the ways how to use the tensegrity structures in practice. By 
placing the triangular tensegrity prisms’ pairs into a “triangular-checkered” shape, one next to the other, a continuous net is 
created from the upper and bottom triangles, that might be shaped into various ground plan shapes. The triangles located in 
the middle of the prisms’ pairs are not connected mutually – they are left unconnected. In this way structural units might be 
created, which may be a "tensegrity version" of the standard space-trussed slabs and could be used as a roof for long-span 
halls. 
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1. Introduction 
Tensegrity structures are a type of the new age and modern structures in the field of civil engineering and 
architecture. However, they are not that common in the building practice currently. They are composed of 
direct members / bars stressed only by an axial force – either tensile or compressive. A triangular prism that 
consists of three compression and nine tension members belongs among the basic tensegrity modules (see 
Fig. 1). 
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Fig. 1. A scheme of a basic tensegrity module - triangular prism 
The upper and the bottom pedestal of a triangular tensegrity prism are made from equilateral triangles. A 
straight line leading through the centers of gravity of these two triangles represents the axis of rotation, 
regarding to which one the upper triangle rotates with respect to the bottom one for angle β = 30° [1]. By 
mirroring the basic triangular prism by the plane passing through its upper nodes, there is created a pair of 
triangular tensegrity prisms. A pair of triangular tensegrity prisms is composed of six compressed members and 
fifteen tension members.  
2. Analysis of pairs of triangular tensegrity prisms under the influence of an external loading 
An important aim of this paper is seeking the ways how to use tensegrity systems in practice. This is the 
reason why there has been an analysis performed – analysis of a pair of triangular tensegrity prisms under the 
influence of various types of loading and several support systems. 
 
In Fig. 2 there is shown the analyzed structure, which’s compressed members are of a tube cross-section 
with diameter Ø 50 mm and a wall thickness 5 mm, material steel S 235. The tension members are of a circular 
cross-section with diameter Ø 10 mm, material high-strength steel S 690. In the frame of this analysis there 
were calculated deformations of the structure under the influence of various loading and various types of 
support systems, by means of computational software based on the FEM (the Finite Element Method).  
  
Fig. 2. Scheme of the analyzed pair of triangular tensegrity prisms 
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2.1. Calculation of deformations of a triangular tensegrity pair structure supported in the bottom nodes in the 
vertical and tangential direction 
A pair of triangular tensegrity prisms supported in the bottom nodes in the vertical and horizontal direction 
(see Fig. 3) was first loaded by vertical force V = 6 kN in every upper node. The chosen results – node 
deformation in the direction of the axis z and horizontal triangles rotations are shown in Fig. 3. 
  
Fig. 3. Scheme of loading and the chosen results from the calculation – a) loading of the structure, b) displacements of nodes in the vertical 
direction, c) horizontal triangles rotation φ [°] 
Consequently, the pair of triangular tensegrity prisms supported in the bottom nodes in the vertical and 
tangential direction was loaded by vertical force V = 18 kN in upper node 9. The displacements of nodes in the 
direction of the axis z and the horizontal triangles rotations are shown in Fig. 4. 
  
Fig. 4. Scheme of loading and the chosen results from the calculation – a) loading of the structure, b) displacements of nodes in the vertical 
direction, c) horizontal triangles rotation φ [°] 
2.2. Calculation of deformations of a structure supported in the direction of the axis x in node 1, in the 
direction of the axis y in nodes 2, 3, 9 and in the direction of the axis z in nodes 1, 2 
The structure shown in Fig. 5 is loaded by vertical force V = 18 kN in node 9 and it is supported in node 1 in 
the direction of the axes x, z, in node 2 in the direction of the axes y, z, in nodes 3 and 9 in the direction of the 
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axis y. The horizontal triangles rotations and the nodes’ displacements in the direction of the axis z are shown 
in Fig. 5. 
  
Fig. 5. Scheme of loading and the chosen results from the calculation – a) loading of the structure, b) displacements of nodes in the vertical 
direction, c) horizontal triangles rotation φ [°] 
2.3. Calculation of deformations of a structure supported in the direction of the axis x in nodes 1, 7, in the 
direction of the axis y in nodes 1, 2, 7,8 and in the direction of the axis z in node 3 
The structure supported in nodes 1 and 7 in the direction of the axes x, y, in nodes 2 and 8 in the direction of 
the axis y, in node 3 in the direction of the axis z was loaded as shown in Fig. 6 by vertical node forces 
V = 9 kN. The chosen results are shown in Fig. 6. 
  
Fig. 6. Scheme of loading and the chosen results from the calculation – a) loading of the structure, b) displacements of nodes in the vertical 
direction, c) horizontal triangles rotation φ [°] 
2.4. The analyses of triangular tensegrity prisms pairs’ evaluation 
As it can be seen in figures 3, 4, 5 and 6, in spite of various locations of the overall loading V = 18 kN and 
by various supporting systems, the nodes’ displacements in the direction of the axis z in the frame of the 
particular horizontal triangles are equable. Rotation of the upper and the bottom horizontal triangle is negligible 
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small; more noticeable rotation appears only in the middle horizontal triangle. A remarkable fact is that the 
nodes’ displacements in the vertical direction dispose of similar values for various vertical supporting under the 
same overall vertical loading.  
3. Possible ways how to put the use of tensegrity structures into the civil engineering practice 
The study of triangular tensegrity prism pairs and its results introduce some assumptions how to solve a 
tensegrity slab composing of these kinds of modules.  
 
By placing the triangular tensegrity prisms’ pairs into a “triangular-checkered” shape, one next to the other, 
a continuous net is created from the upper and bottom triangles, that might be shaped into various ground plan 
shapes (see Fig. 7). The triangles located in the middle of the prisms’ pairs are not connected mutually – they 
are left unconnected. In this way structural units might be created, which may be a "tensegrity version" of the 
standard space-trussed slabs and could be used as a roof for long-span halls. 
  
Fig. 7. (a) tensegrity slab – an example of a tensegrity slab with a triangular ground plan, (b) some examples of ground plan shapes of 
tensegrity slabs  
4. Conclusion 
The important aim of this paper is to find the way how to put the use of tensegrity prisms into the civil 
engineering practice. Following the results of the study realized by considering triangular tensegrity prisms, it 
can be stated, that a tensegrity slab consisted of triangular tensegrity prisms’ pairs might by an interesting and a 
useful type of tensegrity structure for the civil engineering practice.  
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